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We report an inelastic neutron scattering study of single crystals of (Li0.8Fe0.2)ODFeSe.
Temperature-dependent low-energy spin excitations are observed near Q = (0.5, 0.27, 0.5) and
equivalent wave vectors symmetrically surrounding Q = (0.5, 0.5, 0.5) in the 1-Fe Brillouin zone,
consistent with a Fermi-surface-nesting description. The excitations are broadly distributed in en-
ergy, ranging from 16 to 35 meV. Upon cooling below the superconducting critical temperature (Tc),
magnetic response below twice the superconducting gap 2∆SC exhibits an abrupt enhancement, con-
sistent with the notion of spin resonance, whereas the response at higher energies increases more
gradually with only a weak anomaly at Tc. Our results suggest that (Li0.8Fe0.2)ODFeSe might be
on the verge of a crossover between different Cooper-pairing channels with distinct symmetries.
PACS numbers: 74.70.Xa, 78.70.Nx, 74.20.Rp, 74.25.Ha
A pivotal issue concerning the Cooper-pairing mech-
anism in the Fe-based superconductors (FeSCs) is the
pairing symmetry, which is commonly regarded as an im-
portant thread for distinguishing among different theo-
retical proposals. Pairing mediated by electron-phonon
interactions [1] and/or orbital fluctuations [2] is expected
to occur in the plain s-wave (s++) channel, whereas pair-
ing mediated by spin fluctuations [3] is expected to have
sign-reversal behaviors in the gap function and occur in
the extended s-wave (s+−) or the d-wave channel [4–7].
When hole pockets are present at the Γ point, it has been
reasonably well established that the predominant pairing
symmetry is s+− [8, 9], which favors the unconventional
pairing mechanism associated with spin fluctuations. But
because the FeSCs are multi-orbital systems with multi-
ple magnetic exchange interactions that are comparable
in strength [10], the preference on one pairing channel
over another may further depend on the Fermi-surface
(FS) topology [5, 11]. Therefore, the assumption that a
universal pairing mechanism applies to all FeSCs requires
a more stringent test, namely, pairing symmetry needs
to be determined and compared with theory for systems
with very different band filling and FS topologies.
An important case of distinct FS topology was first
established in alkali-metal intercalated Fe selenides [12],
which have no hole pocket at the Γ point as a result
of heavy electron doping [13–15]. Later it became clear
that the electron doping can be achieved with various
methods, including intercalation into bulk FeSe [16–21],
epitaxial growth of a single atomic layer of FeSe on a
charge-transferring SrTiO3 substrate (FeSe/STO) [22–
24], and surface dosing of FeSe with potassium [25–27],
all of which end up with similar electronic structures. It is
intriguing that the absence of hole pockets at the Γ point
is empirically linked to the much higher values of Tc than
in bulk FeSe [28]. The associated pairing symmetry is
considered to be of great theoretical importance but has
remained unsettled [11, 29–35], in part because of seem-
ingly contradictory results from inelastic neutron scat-
tering (INS) and scanning tunneling spectroscopy (STS)
experiments: On the one hand, the observation of a spin
resonance below Tc in INS studies of AxFe2−ySe2 (A =
Rb, Cs, K) [36–38] points towards a gap function with op-
posite signs on the electron pockets [30, 33]. On the other
hand, the inability of non-magnetic impurities to create
in-gap states in FeSe/STO suggests that the pairing sym-
metry is plain s-wave [39]. Notably, both of these systems
have material-specific aspects that are not representative
of all FeSCs. The superconductivity in AxFe2−ySe2 often
suffers from a low volume fraction [40], probably due to
the requirement of a high density of Se vacancies and/or
of a particular type of interfaces [41], whereas the super-
conductivity in FeSe/STO may be strongly assisted by
phonons in the substrate [42, 43].
In order to assess the universality of the previous re-
sults and address the contradictions, it is desirable to
investigate a phase-pure bulk material without a sub-
strate. The newly discovered (Li0.8Fe0.2)OHFeSe super-
conductor offers such an opportunity [18, 19], since it
does not show substantial chemical phase separation and
is stable in air. Photoemission experiments have demon-
strated that (Li0.8Fe0.2)OHFeSe has a FS topology rep-
resentative of that of heavily-electron-doped FeSe sheets
[20, 21]. Here we report our INS study of fully-deuterated
(Li0.8Fe0.2)ODFeSe single crystals, aiming to character-
ize the low-energy spin fluctuations. We find that the
temperature-dependent magnetic signals are centered at
momentum positions consistent with a FS-nesting pic-
ture, but the signal is rather widely distributed in energy
and extends well above twice the superconducting en-
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2FIG. 1. Temperature dependence of magnetic susceptibility
of (Li0.8Fe0.2)ODFeSe measured with a magnetic field of 10
Oe applied perpendicular to the c axis after zero-field cool-
ing. Left inset: photo of our co-aligned sample for INS ex-
periments. Right inset: x-ray Laue-reflection pattern from a
single crystal (x-rays incident along the c axis).
ergy gap 2∆SC. While the enhancement of signals below
2∆SC has a temperature dependence consistent with that
of a spin resonance in unconventional superconductors,
the signal above 2∆SC exhibits a more gradual increase
below Tc. The fact that these two parts of signals are
comparable in strength despite their distinct tempera-
ture dependence suggests that (Li0.8Fe0.2)OHFeSe, and
perhaps heavily-electron-doped FeSe sheets in general,
might host two types of pairing interactions that are fa-
vorable for distinct pairing symmetries.
Our triple-axis INS experiments were performed on
the spectrometer 2T at the Laboratoire Le´on Bril-
louin (LLB), France and on the spectrometer TAIPAN
at the Bragg Institute of Australian Nuclear Science
and Technology Organization. The sample consisted
of over one hundred single crystals of fully-deuterated
(Li0.8Fe0.2)ODFeSe, which were grown with a hydrother-
mal reaction method [44] and coaligned in the (H, K,
H) scattering plane. Here and throughout the paper,
reciprocal-space vectors are quoted in reciprocal-lattice
units (r.l.u.) under the notation of the 1-Fe Brillouin
zone, with unit-cell parameters a = b = 2.65A˚ and
c = 9.30A˚. Clear x-ray Laue reflections and a sharp
increase of diamagnetic signals below Tc = 39 K demon-
strate the high quality of our sample (Fig. 1). The INS
data were collected in fixed-kf mode (kf = 3.85A˚
−1
) us-
ing a focusing pyrolytic graphite (PG) monochromator
and analyzer. Additional PG filters were placed between
the sample and the analyzer to eliminate higher-order
contaminations.
Figure 2(a) displays the result of momentum (Q) scans
at a fixed energy of 18 meV, performed along the trajec-
tory (0.5, K, 0.5) and at temperatures both below and
above Tc. As an effort to search for the spin resonance,
FIG. 2. (a) Q scans along the (0.5, K, 0.5) direction at
a fixed energy transfer of 18 meV and temperatures of 4 K
and 42 K. (b) Intensity difference between the two temper-
atures. (c) Q scans at 21 meV in a direction perpendicular
to that in (a). (d) The intensity difference between the two
temperatures in (c). Arrows indicate the fitted peak centers.
this trajectory was chosen after the previously reported
results for RbxFe2−ySe2 [36], since the two materials have
similar electronic structures. The energy was chosen to
be about 64% [45] of the maximal superconducting gap
2∆SC, which has been previously determined to be about
28.6 meV [46]. Despite the use of a fully-deuterated sam-
ple, the background scattering is very strong due to the
sizable neutron incoherent scattering cross sections of the
D (2H) and Li isotopes. Therefore, we use the intensity
difference between the two temperatures to extract the
magnetic signals [Fig. 2(b)], and find a net intensity in-
crease below Tc nearQ± = (0.5, 0.5±0.23, 0.5). With the
understanding that the two Q± positions are symmetric
around (0.5, 0.5, 0.5), they are physically equivalent. The
data suggest that the signal amplitude is slightly larger
at Q−, consistent with the expectation that the form fac-
tor decreases with increasing |Q| for magnetic scattering.
The data also show that there is no intensity enhance-
ment below Tc at (0.5, 1.0, 0.5) which is equivalent to
(0.5, 0, 0.5), where the strongest increase of magnetic sig-
nals below Tc is commonly observed in FeSCs with hole
pockets at the Γ point [9]. We emphasize that the total
magnetic signals atQ± may be substantially greater than
the peak amplitudes displayed in Fig. 2(b), which only
correspond to the part of signals that changes below Tc.
The total magnetic signal is difficult to estimate from our
data due to the presence of stronglyQ-dependent phonon
scattering at nearby energies [Fig. 3(a)], which explains
the strong variation of intensity versus Q in Fig. 2(a).
In order to pin down the Q position that has the
strongest (T -dependent) magnetic signal, we have per-
formed Q scans along the perpendicular direction (H,
3FIG. 3. (a) Energy scans at fixed Q positions (0.5, 0.68, 0.5)
and (0.5, 0.73, 0.5) in the superconducting state (T = 4 K)
and normal state (T = 42 K). (b) Intensity difference between
the two temperatures.
0.27, H) going through Q−, and the data [Fig. 2(c-d)]
confirm that the magnetic signals are centered on the
high-symmetry line (0.5, K, 0.5). Therefore, the distri-
bution of magnetic signals in the Q space is overall very
similar to that in AxFe2−ySe2 (A = Rb, Cs, K) [36–38].
A similar interpretation, that the characteristic Q± fol-
low from a FS-nesting picture with sign-reversal pairing
[30, 33], also applies here.
Figure 3 displays energy scans performed at Q = (0.5,
0.68, 0.5) and (0.5, 0.73, 0.5) over an extensive energy
range, and again we use the intensity difference between
4 K and 42 K to reveal the magnetic signals. We con-
sider both of these Q positions to be sufficiently close
to Q+ given the large momentum widths of the signals
in Fig. 2(b). Similar measurements cannot be performed
nearQ− due to neutron kinematic constraints in the scat-
tering process. Surprisingly, it turns out that the energies
that we have chosen (18 and 21 meV) for the measure-
ments in Fig. 2 belong to a rather broad distribution of
intensity enhancement below Tc, ranging from 16 meV to
about 35 meV. In fact, the globally greatest net intensity
increase occurs at about 30 meV. Below 16 meV, a strong
decrease of intensity is observed upon cooling from 42 K
to 4 K, due to both opening of the superconducting gap
and reduction in thermally-activated phonon scattering.
Motivated by the broad energy distribution, we have
performed detailed measurements of the T dependence of
the scattering signal, at both 21 meV and 31 meV. The
results are displayed in Fig. 4. For 21 meV the measure-
ment was performed at Q−, where the kinematic con-
straints can still be satisfied and the signal is stronger,
whereas for 31 meV the measurement could only be per-
formed at Q+. The difference in Q explains the seem-
ingly different relative intensities at these two energies
comparing Fig. 4 and Fig. 3(b). At 21 meV, the mag-
netic signal exhibits an order-parameter-like increase be-
low Tc, and is therefore consistent with being a spin reso-
nance [9, 45]. In contrast, the signal at 31 meV exhibits a
continuous increase towards the lowest temperature with
only a weak (if any) anomaly at Tc.
FIG. 4. (a) T dependence of INS signal at Q = (0.5, 0.27,
0.5) and 21 meV. (b) T dependence of INS signal at Q = (0.5,
0.73, 0.5) and 31 meV. Averaged intensities just above Tc are
set to zero. Solid lines are guide to the eye.
Very recently and after the completion of our ex-
periments, there were two reports of INS studies of
(Li0.8Fe0.2)ODFeSe using powder [47] and single-crystal
[48] samples. Here we compare our data to the pre-
viously reported ones, as there are several quantita-
tive differences at first glance: (1) The in-plane posi-
tions of Q± were estimated to be (0.5, 0.5 ± 0.17) in
Ref. 47 and (0.5, 0.5 ± 0.18) in Ref. 48, whereas we find
(0.5, 0.5±0.23). (2) The distribution of magnetic intensi-
ties in energy appears quite different. The spin resonance
was reported to be centered at ≈ 23 meV [47] and 21 meV
[48], with relatively weak and nearly no T -dependent in-
tensities above 28 meV ≈ 2∆SC, respectively, whereas
here we still find a substantial increase of magnetic scat-
tering below Tc at 31 meV despite the distinct temper-
ature dependence in Fig. 4. (3) The momentum width
of the resonance was previously found to be larger in
the transverse direction with respect to the displacement
away from (0.5, 0.5) [48]. In our data, the width ap-
pears to be larger in the longitudinal direction (Fig. 2),
although the statistical accuracy is still too limited for
us to make a firm conclusion here.
An important difference between our measurements
and the previous single-crystal study [48] is the out-of-
plane momentum transfer, which was chosen here to be
0.5 r.l.u. and zero in the previous triple-axis INS ex-
periments. It is possible that the energy and in-plane
momentum distribution of magnetic signals is sensitive
to the choice of the out-of-plane momentum transfer, be-
cause of FS warping [49, 50] and/or variation of 2∆SC
with kz [51]. To our knowledge, no similar investigations
have been reported so far for (Li0.8Fe0.2)OHFeSe. In-
deed, according to the time-of-flight INS data displayed
in Figs. 2 and 3 of Ref. 48, which integrate over a wide
range of out-of-plane momentum transfer, the low-energy
magnetic signals are centered at in-planeQ positions very
close to our result. Moreover, in the previous powder
study [47] where magnetic signals integrated over a broad
range in |Q| were used to construct the energy distribu-
tion, a noticeable amount of intensity increase below Tc
4was present above 2∆SC. We therefore conclude that the
above differences are primarily related to the out-of-plane
momentum transfer, although additional variations re-
lated to the samples, such as the precise electron doping,
may also play a role.
The overall phenomenon in Fig. 3 is somewhat similar
to the “even-parity” spin resonance in heavily hole-doped
high-Tc cuprates, in which case the feature becomes very
broad as its energy approaches 2∆SC [52, 53], whereas the
“odd-parity” counterpart at lower energy is considerably
sharper. Although the presence of two resonant modes
has also been reported in the pnictides [54, 55], we believe
that it is unrelated to our observation, since the signals at
21 and 31 meV have different T dependence, and because
31 meV is clearly above 2∆SC [20, 21, 46]. The fact that
the response above 2∆SC is smoothly connected to the
resonance at 21 meV [47, 48] suggests that the supercon-
ductivity in (Li0.8Fe0.2)OHFeSe might be supported by
two types of pairing interactions. The first type, presum-
ably related to spin fluctuations, is in favor of pairing in
a sign-reversed fashion which leads to the formation of a
spin resonance below 2∆SC; the second type, possibly re-
lated to electron-phonon interactions and/or orbital fluc-
tuations, is in favor of plain s-wave pairing, which simply
leads to a pile-up of magnetic spectral weights just above
2∆SC [56] in the superconducting state. The apparent de-
pendence of the signals above 2∆SC on the out-of-plane
momentum transfer, as discussed above, suggests that
the second type of pairing interactions might be further
selective to the kz quantum number of the quasiparticles.
Finally, our results are likely related to the re-
cent observation of similar phenomena in sulfur-doped
KxFe2−ySe2 [57], which were interpreted as evidence for
a transition from sign-reversed to sign-preserved Cooper
pairing. The transition was observed upon a simulta-
neous suppression of 2∆SC and Tc by sulfur doping,
which does not seem to affect the characteristic ener-
gies of the spin fluctuations. It is therefore plausible that
the second type of pairing interactions in sulfur-doped
KxFe2−ySe2 are capable of supporting superconductiv-
ity with Tc up to ≈ 25 K [57]. In comparison to that,
(Li0.8Fe0.2)OHFeSe can be viewed as FeSe sheets inter-
calated with molecules containing much lighter atoms.
Hence, if the second type of pairing interactions are asso-
ciated with phonons in structural units next to the FeSe
sheets, such as in the substrate of FeSe/STO [42, 43],
the interactions will be able to support superconductiv-
ity in (Li0.8Fe0.2)OHFeSe up to higher temperatures than
in KxFe2−ySe2. This is consistent with our observation
of magnetic signals above 2∆SC already in a Tc = 39
K sample, as well as with the experimental evidence for
predominant plain s-wave pairing [39] in FeSe/STO with
even higher Tc.
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